The level of deoxyadenylate (dA) regions in human DNA was estimated from formation of poly(u)-poly(dA) triplexes on nitrocellulose filters that were RNAase resistant. The (dA) rich sequences were determined following mild ribonuclease treatment of the poly(u)-DNA hybrids (5 (ig/ml at 25 C for 30 min) , where as exhaustive ribonuclease treatment (5 \ig/ml at 25 C for 6 hr) estimated the more (dA) pure sequences. The level of (dA) rich regions was 0.39 % of the DNA and for the more (dA) pure regions it was 0.07 #.
INTRODUCTION
The occurrence of poly(rA) sequences up to 200 nucleotides in length has been well established for eukaryotic inRNA In addition, oligo (u) and oligo(A) rich sequences of approximately 30 nucleotides have also been found in HnRNA from mammals. As a result, the question of whether these ribohomopolymeric regions were encoded from DNA or attached post-transcriptionally, has motivated the search for the corresponding deoxypolymeric stretches in DNA.
The only extensive quantitative studies of polyuridylic acid (poly U) hybridization to (dA) rich sequences in DNA were 7 Q reported by Shenkin and Burdon using hamster DNA and Bishop q et al using duck DNA. In both cases, the parameter studies for formation of poly(u)-DNA hybrids were carried out with both the poly(u) and either poly(dA) or DNA in solution. It was established that a ribonuclease-resistant 2 poly(u)-poly(dA) triplex was formed with the annealing conditions used for poly(u)-DNA hybridizations. In addition, the level of (dA) regions in DNA was difficult to quantitate in solution because the poly(u)-DNA hybrids were highly sensitive to ribonuclease digestion, presumably due to the presence of other deoxynucleotides within the further details presented. Therefore, it was also the purpose of this study to characterize the level of (dA) sequences present in human DNA and describe their distribution within the genome.
MATERIALS AND METHODS
Materials. The sources of (-*H)poly(u) were Miles Laboratories, Inc. (*»7.0 and 58.9 mCi/mMole monophosphate). Unlabelled poly(u), poly(dA), salmon sperm DNA, ribonuclease A (Bovine Pancreas) and alpha-amylase were purchased from Sigma chemical
•company. Pronase-P was the product of Kaken chemical company (lot no. 5920^5). The hydroxyapatite used was Bio Gel HTP from Bio-Rad Laboratories. Lymphocytes were isolated from the heparinized venous blood of normal human subjects as already described .
Normal human breast tissue was obtained from females having plastic surgical operations. Placenta tissue from healthy mothers was collected within h hr after fetal birth.
DNA preparation. The DNA was extracted either by the method of Marntur or according to Kirby and Cook . Additional purifi-cation was often carried out by adsorption of the DNA to hydroxyapatite and subsequent washing with 0.2 M sodium phosphate dissolved in 3 M KC1. In some cases, the DNA was treated with 100 jig/ml alpha-amylase and boiled ribonuclease A for 18 hr at room temperature. Digested products were removed by dialysis against O.ixSSC (SSC=O.15 M NaCl + 0.015 M sodium citrate). The DNA was further treated with 1 mg/ml self-digested pronase for 2 hr at 37°C. The resultant solutions were next adjusted to 1 M NaCl 1U and cleaned with phenol-m-cresol until they were below 0.08 jig protein/ng DNA as determined by the method of Lowry . However, difficulty in removing the added enzymes from the DNA was encountered, and so this procedure was abandoned in later experiments.
When sheared DNA was desired, the solution was made 2xSSC
and 10-15 ml were placed into a 50 ml plastic centrifuge tube already immersed in an ice bath. The microtip of a Dranson sonifier (model S125) was lowered into the DNA solution and 1-10
10-sec pulses with 1 min intervals under a power supply setting of 6 were carried out.
In some cases the DNA was centrifuged to equilibrium in The relationship of absorbance to DNA concentration on the fllters was linear for salmon sperm DNA and ( H) thymidine labelled human DNA from 1-20 \ig. The minimal detection limit was considered to be 1 jig DNA/fliter which was equal to 0.020 optical density units at 600 run. ( 3 H)poly(u)-DNA filter hybridization technique. The DNA was denatured with heat for 10 min at 100°C. An equal volume of k M NaCl was added and the heat continued for another 10 min. The solutions were cooled immediately and the DNA immobilized at 5°C on 13-mm Millipore HAWP 01300 filters presoaked in 2xSSC for at least 30 min. The high salt treatment of the DNA increased retention to the filters, and was also a precaution for removing any histone-type protein that may still be bound to the DNA. Hybridization vials (1.5 cm x 5»0 cm) were constructed to allow continuous circulation of the ( H)poly(u) solution with the aid of a peristaltic pump. The filters containing immobilized DNA were hybridized in bulk for 16-20 hr at 25°C in ( tured for 15 min at 100 C and placed immediately in a water bath at 60 C for reassociation. The reassociation was measured as the product of DNA concentration (c ) and the time (t) of incubation or the C t value (c t = A 2 60
x 5^" A f t e r reassociation at specified C t values, the DNA was loaded onto a glass column of hydroxyapatite equilibrated in 0.12 M phosphate buffer at 60°C, and containing at least 1 ml hydroxyapatite for every 2OO \xg DNA.
Unreassociated DNA was eluted in 0.12 M phosphate buffer. The reassociated DNA was removed by raising the buffer concentration
RESULTS
Determination of the conditions for polv(u) hybridization on filters. One basic problem in adapting the filter hybridization technique to the estimation of (dA) regions in DNA, is to determine whether (dA) sequences can be retained quantitatively in an immobilized state on nitrocellulose filters. For this purpose, pure poly(dA) was dissolved in various salt solutions and loaded onto nitrocellulose filters. Table 1 indicates that the salt concentration must be very high (2 M NaCl) before poly(dA)
is retained quantitatively on the filters. Furthermore, when the poly(dA) is fixed to the filters by heating for 2 hr .it 80°C, no substantial loss of poly(dA) is observed after exposure of the filters to the poly(u) hybridization conditions outlined TABLE 1 The collection of pure poly(dA) on nitrocellulose filters.
Attempted immobilization of poly(dA) (Sigma) was with 15 (ig/saraple on nitrocellulose filters (millipore). The amount of poly(dA) retained on the filters was measured by the diphenylamine procedure described in Materials and Methods. It has been shown that increasing the concentration of ribonuclease A, or the duration and/or the temperature of incubation can cause large reductions in the amount of poly(u) remaining bound to the DNA following hybrid formation in solution. Mild ribonuclease treatment (5 |ig/ml at 20° C for 30 min) allowed larger (dA) rich regions, containing 2 )5 to 6 jt other deoxynucleotides, to form ribonuclease resistant complexes with poly(u). Exhaustive digestion (20 |ig/ml ribonuclease at 20 C for 2k hr) allowed only the poly(u) complexes with the shorter (dA) pure regions of the DNA to remain stable. Based on the importance of these results in quantitating the poly(u)-DNA hybridization, the conditions for appropriate ribonuclease treatment of hybrids between poly(u) and immobilized pure poly(dA) were determined. o Fig. 1 confirms the earlier work of Bishop et al that the ribonuclease-resistant complex formed between poly(u) and poly(dA) is the triplex 2 poly(U)-poly(dA), since the experimental hybrid ratio of approximately 1.8 : 1 is close to the hypothetical ratio of a 2 : 1 complex. It is also apparent that the 2 poly(u)-poly(dA) triplex is resistant to digestion at 25°C in 2xSSC for 7 hr at 5 jig/ml ribonuclease but only for 1 hr at 20 ng/ml ribonuclease. After these points on the digestion curves, the (dA) stretches in DNA could no longer be estimated quantitatively as 2 poly(U)-poly(dA) triplexes. Therefore, in O keeping with the nomenclature established by Shenkin and Burdon , the larger more mismatched (dA) rich regions in human DNA will henceforth be estimated after mild ribonuclease treatment (5 (ig/ml at 25°C for 30 min) and the smaller more (dA) pure regions estimated after exhaustive ribonuclease treatment Pure poly(dA) (Sigma) was immobilized on nitrocellulose filters (0.2 ug/filter) in 2 M NaCl. Each filter was baked in an oven at 80 C for 2 hr and then hybridized at a ( J H)poly(u) to poly(dA) input ratio of 5.69 : 1.
(5 Hg/ml at 25°C for 6 h r ) . o The saturating level of ( H)poly(u) input was also determined for hybrids formed on filters. As can be seen in Fie;. Therefore, to insure saturation in a filter hybridization with poly(ll), at least 3.6 ug/ml poly(u) must remain after hybrid formation is completed. This can be calculated by substractlng the expected amount of poly(u) bound to DNA before ribonuclease treatment (o.028 x 20 jig DNA, from Fig. 2 ) from the concentration of poly(u) necessary to achieve saturation (k .2 tig/ml) .
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The saturation curve for hybridization of poly(u) to human DNA on nitrocellulose filters.
Immobilized human DNA ing concentrations of in Materials and Methods,
at 25 c for 6 hr.
(20 \ig) was incubated in 1 ml of increas-( H)poly(u) and the hybrids analyzed as Ribonuclease treatment was 5 (ig/ml
Level of (dA) regions in human DNA. The (dA) regions in human DNA were estimated by using both filter and liquid hybridization techniques to poly(U) followed by comparable ribonuclease treatments. When the (dA) regions were measured after mild ribo-
TABLE 2
The level of (dA) rich and (dA) pure sequences in human DNA. Two factors were shown to effect the analysis of (dA) regions in human DNA. They were the level of protein contamination of the DNA and the degree to which the DNA was sheared.
Table J shows that 18.1 $ protein contamination of DNA was necessary before the estimation of (dA) pure sequences was altered.
In our laboratory, such a high level of protein contamination was not normally found with DNA extracted by convention.il meth-12 13 ods ' . However, when additional purification of DNA was attempted by addition of the digestive enzymes alpha-amylase, ribonuclease A, and pronase, high levels of protein contamination of the DNA were often obtained even after several phenol deproteination steps. Therefore, care should be taken to check the protein content of DNA which has been further purified by digestive enzyme treatment. TABLE 3 The effect of protein contamination of human DNA on the analysis of (dA) regions.
Protein was analyzed by the method of Lowry . Bovine scrum albumin and highly purified DNA were used as standards. in 5-20 $ neutral sucrose gradients according to the relationship derived by Studier . A significant effect on the estimation of (dA) pure regions within sheared DNA of this molecular weight range was detected in the data presented in Table k . Therefore, comparison of very low molecular weight DNA with high molecular weight DNA is not recommended when using the filter hybridization technique. Distribution of (dA) regions in human DNA. Previously it Q *] Q has been reported for hamster , mouse and duck DNAs that the (dA) regions were rather evenly distributed into the fractions of DNA generated from centrlfugation in CsCl gradients. Fig. 3 shows the results of a poly(u) filter hybridization to CsCl gradient fractions of human DNA, when the actual $ poly(u) hybridizing to each DNA fraction was determined. Although (dA) regions could be found in all the DNA fractions, our results indicated a lower level of (dA) regions in the more G+C rich and A+T rich DNA fractions. These results were confirmed by TABLE h The effect of shearing on the analysis of (dA) regions in human DNA immobilized on nitrocellulose filters. Table 5 demonstrate that main band DNA clearly has a higher level of both (dA) rich and (dA) pure sequences than either the G+C rich or A+T rich fractions. 
TABLE 5
Comparison of (dA) regions in the pooled CsCl density gradient fractions of DNA from Fig. 3 .
The CsCl fractions were pooled according to the fraction numbers indicated in Fig. 3 and dialyzed overnight against 2xSSC. Aliquots of the pooled fractions were immobilized on filters and hybridized as described in Materials and Methods. regions. The data presented in Table 6 has verified the presence of (dA) regions in repeated human DNA. Higher levels of both (dA) rich and (dA) pure sequences were found in all the different classes of repeated DNA analyzed when compared to single copy DNA. These increased (dA) levels correlated well to the degree of repetition, so that fast repeated DNA had the largest increased (dA) level and slow repeated DNA the least (Table 6 ) .
TABLE 6
Distribution of (dA) regions into repeated sequences of human DNA.
The DNA was sheared by sonication for 100 sec, fractionated by hydroxyapatite chromatography into repeated classes, and hybridized as described in Materials and Methods. 
